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Abstract 
The authors manufactured conductometric type gas sensors based on ZnO nanostructures. Using electrodeposition 
method ZnO nanorods with good crystallinity were obtained. Application of electrospinning method allowed for easy 
manufacture of ZnO:Al nanofibres with varying diameter. The sensors were built in both nanowire network and a 
single nanowire configurations. Investigation of sensors characteristics revealed good sensitivity to nitrogen dioxide 
at temperatures lower than these for conventional resistance type sensors. 
© 2012 Published by Elsevier Ltd. 
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1. Introductin 
The market of conductometric gas sensors is at present dominated by the structures based on thick and 
thin polycrystalline metal oxide films. The temporal drift of operating characteristics of these sensors 
along with the low selectivity of sensors response, are considered to be major disadvantages of existing 
devices [1]. It is expected that sensors based on 1D structures should show better parameter stability [2]. 
One-dimensional structures can be obtained as single crystals with perfect crystallinity without interfaces 
or grain boundaries, causing the mass transfer at elevated temperatures. High surface area to volume ratio 
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of a small diameter nanowire is responsible for increased sensitivity. Less agglomerated configuration of 
nanowire network promotes a rapid diffusion of analyte gas, what is responsible for the decrease of 
response time. It is expected also that the nanostructure based sensors will exhibit lower power 
consumption in comparison to those manufactured using conventional materials. The first our 
experiments indicate that good response time and sensitivity can be reached at lower working 
temperatures, of order 2000C and less. Moreover very small heat capacity of the gas sensitive 
nanomaterial is in favour of small power consumption. 
2. Measurement results and discussion 
The samples in form of ZnO nanorods, Fig.1, were obtained by electrodeposition from water solution. 
This method can be considered as a source of samples with perfect cristallinity [3].  
Fig. 1:  SEM view of the aligned ZnO nanorods electrodeposited onto glass substrate covered with a silver film. 
The growth process proceeds at temperatures below 100oC that makes it energy efficient in commercial 
applications. The obtained nanorods coud be easily reoriented by external electric fields using electrodes 
with appropriate configuration and a.c. voltages of adequate magnitude and frequency, Fig.2. Developing 
a method of electrospinning, it was easy to obtain ZnO nanofibres, Fig.3, in a much shorter time period, 
as compared to electrodeposition process. 
Fig. 2:  SEM image of the partially aligned ZnO nanorods between the interdigitated Au electrodes. 
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One part of investigated gas sensors was prepared in a nanowire network (mesh) configuration. In this 
case some problems with signal instability have been encountered. This was probably caused by the 
contact phenomena, as some voltage drop occurs on junctions between individual nanowires and between 
nanowires and contacting electrodes. An example of sensitivity measurements for sensor configuration of 
the mesh type is shown in Fig.4. 
Fig. 3:  ZnO:Al nanofibers obtained by electro- spinning. 
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Fig4:. Response of ZnO:Al nanofibres for changing concentration of NO2 in air. 
In the second attempt a single nanowire type configuration was developed, Fig.5. This procedure of 
sensor fabrication was however more troublesome. Sensor substrates were prepared using silicon 
micromachining technology and fixing contacts to the nanowires required the use of FIB technology in 
connection with micromanipulation.  
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Fig 5: . Gas sensor based on a single nanwire fixed to the MEMS substrate.
First sensors of this type have been already manufactured and their characteristics are under 
investigations. 
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